TIIE sea lamprey, Petromyzorl n~arinri~r. is a marine species which gained access to the upper Great Lakes of North America following the construction of the Welland Canal in 1829. Predation by the lamprey has subsequently led to the collapse of commercially valuable stocks of lakc trout, Srilvclinus nni?.eaycush, in Lakes Huron and Michigan, and caused precipitous declines in abundance of lake trout and whitefish, Corcgonlis clupeaformis, in Lake Superior (Smith 1968; Lawrie and Rahrer 1972: Christie 1974) . The damage ca~ised by the sea lamprey fostered a n intensive control program, organized between the United States and Carladial1 governments and directed by the Great Lakes Fishery Commission (Smith 1971 ; Smith et al. 1974; Crowe 1975) .
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Although the present control program relies to a large extent upon a chemical toxicant directed toward larval lampreys in the tributary streams, it is now believed to be important to develop alternative control methods and integrated management programs (Smith and Tibbles 1980; Hanson and Manion 1980) . The successful construction and implementation of any management program frequently requires information with regard to the gcnetic organization of the populations of concern (Smith ct al. 1976; Allendorf and Utter 1979) . Identification of lamprey populations would provide the fundamental unit upen which lo structhire management strategies.
The focus of the present research was to describe electrophoretically the products of enzyme loci that will be useful in later intensive studies concerning the gcnetic identification of lamprey populations in the Great Lakes. The utility of the loci for lamprey population identification is demonstrated through a n analysis of four geographically discrete poptilations.
Earlier, electrophoretic studies with this fish have been concerned with questions of a taxonomic or physiological nature (e.g. Wilson et al. 1964 Tsuyuki 1967; Horowitz and Whitt 1972; Whitt et al. 1975) . Population discrimination by electrophoresis has not previousIy been attempted for this species.
hlaterials and Rlethods
Sea lamprey ammocoetes were collected by electrofishing from four localities: Nebagamon River, Lake Superior drainage; Fish Creek, Oneida Lake drainage; Lewis Creek, Lake Champlain drainage; and Petitcodiac River, Bay of Fundy drainage (Fig. 1 ) . Animals from Nebagamon R. were transported alive and held in aqtl,uia at the University of Minnesota for -1 mo before analysis. The other specimens were frozen as soon as possible after collection and stored at -20°C. Arnmocoetes from the Nebagamon River were used in the initial screening for the enzymatic activity. Enzymes that exhibited sufficient activity on the gels were then electrophoretically examined among lamprey from all locations.
Electrophoretic expressions of enzymes were also compared between fresh-frozen and TFM (3-trifluoromethyl-4-nitrophenol)-killed lampreys. Fourteen ammocoetes from Nebagamon River were held in an aquarium and exposed to 12 mg/L TFM. Death occurred in -4 h. A single individual, also used in the analysis, was killed by a 1-h exposure to 40 mg/L TFM. Fresh-frozen ansmocoetes from the same river were used as controls in the gels. Chensical analysis of the well water used in the aquaria for these experiments has been given by Adelman and Smith (1972) .
Electrophoretic enzyme patterns were also compared between ammocoetes (40-100 inm) , newly transformed adults (1 10-145 mm), and spawning adults (375-445 mm). Ammocoetes were from the Nebagamon River while the newly transformed adults were from the St. John's River, New Brunswick. Spawning adults used in the analysis were captured from the Brule River, Wisconsin.
Lampreys were prepared for electrophoresis by the removal of viscera and skin. Usually, muscle located caudaIly from the gill pouches was used as a tissue sample. When ammocoetes were less than 45 mns in length, the entire animal was used. Muscle tissue samples were prepared for electrophoresis in a similar manner to that described by Krueger and Menzel ( 1979) . Gels, 20.5 X 15.2 X 0.9 cm, were prepared with 58.8 g of hydrolyzed potato starch (Electrostarch Co.. Madison, WT) in 420 mL of gel buffer. Electrophoretic techniques followed those detailed by May et al. (1979) . Four different buffer systems were used: A ) Ridgway et al. (1970) Allendorf et al. (1977) . An exception was aspartate aminotransferase (glutamate oxalate transaminase) staining wlsich followed Selander et al. (1971) . Another recipe alteration was phosphomannose isoinerase (PMT) staining which used 100 rng of Ra-n-mannose-6-phosphate. The substrate for the peptidase stain was glycyl-1,-leucine. Genic nomenclature used here is that proposed by Allendorf and Utter (1979) for salmonids (see also hlay et al. 1979) . Tects for statistical hon~ogeneity between set3 of phenotypic frequencies at the polymorphic loci utilized chi-square in contingency tables (Snedecor and Cochrals 1967:%50) .
Results and Discussion ELEC I'KOPHORETIC EXFRESS~ON OF ENZYMES
Among 2 5 enzymes studied, 20 exhibited suficient activity to designate loci ( Table 2) . Banding patterns observed from these 20 enzymes represent the products of a minimum of 30 gene loci. The numbcr of loci coding for a particular enzyme was estimated conservatively. F o r example, sii~gle invariant bands were treated as if they were expressions from one gene locus. Such bands may represent the products of a number of loci that share a common allele for a particular enzyme. T h e exact number of loci, therefore, cannot be determined.
Enzymes yielding gel resolution satisfactory for use in future population studies are ,4DL4, A D H , A S P , AAT, CPK, GGPDH, G A P D H , LDH, hfBH, P E P , 6 P G D , PGI, P G K . P G M , PK. PMI, and SDH. ,41-though zones of activity occurred for ,4K, ALD. a n d F B P , handing patterns were either faint o r poorly defined and thereforc are not reconlmended for population surveys using present methods. Little o r n o staining activity occurred on the gels for diaphorase, gluta~nate dehydrogenase, hexokinase, succiilate dehydrogenase, and xanthine dehydrogenase.
T h e enzymes suitable for population surveys are coded by a minimum of 26 loci (Table 1 ) . Arnong these loci, six were polymorphic within the four populations studied: AGP, L44DH-6, PG6-I, PGI-2, P G M -I , and PMI.
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dlnsuRcient staining activity to designate loci. e E n~y n~e activity present but gels were not storable.
AGP migrated anodally and exhibited three phenotypes. The genetic control of the variability observed for this ~Bimeric enzyme was ascribed to a single ICPCBIS with two alleles.
Enzyme prod~icts of MDH-I (supernatant) migrated cathodally and exhibited polymorphism. The phenotypes for this dimcric enzyme fit a two-allele model with heterozygotes represented by a three-banded pattern. The MBH-P (-165i-165 ) phenotype was not observed. Two invariant MDH bands, possibly mitochon-lrial forms, migrated anodally and are tentatively proposed to be the products of two loci, MDH-2 and 'WDM-3. Heterodimeric products between the three loci were not observcd on the gels. PGI activity in sea lamprey was typically expressed as a three-banded phenotype on the gels. The two outer bands represent homodimeric products from separate loci, PGI-1 and P G I -2 . The middle band is Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com by Michigan State University on 02/07/14
For personal use only. the heterodimer formed from the products of the two loci. Both loci were polymorphic with two alleles occurring at PGI-1 and three alleles at PGI-2.
PGM was represented by two zones of activity on Whitt gels. The most anodal zone (tentatively PGM-2) stained only faintIy and was not scorable. The slower zone (PGM-I) could be reliably stained and scored; however, superior resolution of this zone occurred when using Ridgway gels. The three phenotypes observed at the PGM-1 locus followed a two allele monomeric model.
When PhgI was originally examined within the four lamprey collections, Selander gels were used and a strong monomorphic single band was observed for all individuals. Later it was discovered that by increasing the staining substrate, polyn~orphic banding patterns could be observed on Clayton-Tretiak gels. Twenty fish from the Nebagamon River have so far been anaIyzed in this manner. Three phenotypes were observed for this monomeric enzyme and their genetic control was ascribable to a single-locus, two-allele model. ADH, GGPDH, LDH. GPGD, PGK, PK, and SDH were all represented as a single invariant band on the gels; each of these enzymes was designated as if coded by one locus (Table 1 ) .
ADA, AAT, GAPDH, and PEP all exhibited two isozymes of different electrophoretic mobility. No variation in banding patterns was observed for this group. Two loci were assumed responsible for the genetic coiltrol of each of these enzymes.
The dimeric enzyme CPK in sea lamprey was represented by a single cathodal band and two anodal bands. The zone between the origin and the first anodal band appeared to be faintly stained by AK. Thus far, no variation has been observed in CPK. Two loci were assumed to control the electrophorectic patterns.
Ammocoete sea lamprey enzyme expressions were also compared between animals killed by exposure to T F M and those kiIIed by freezing. Gels were stained for ADA, ADH, AGP, AAT, FDP. G6PDH, LDH, MDH, PEP, GPGD, PGI, PGM, PMI, PK. and SDH. ' En every case, no differences were observed in enzymatic expression between lamprey subjected to different modes of euthanasia. TFhT does not appear to alter these enzymes in an electrophoretically detectable way. Ammocoetes, newly transformed adults, and spawning adults were also compared for the same enzynles listed above. Similarly no difference in enzymatic expression was observed. Uthe and Tsuyuki (1967) found that the transformation process in sea lamprey electrophoretically affected blood proteins but not general muscle proteins.
Variability in the expressions of AGP. MDH-1, PGI-1, PGI-2, and PGM-1 were analyzed in sea lamprey from four localities ( Table 2 ) . A G P was highly variable in allelic frequencies between Nebagamon n River, Fish Creek, and Lewis Creek. Gels with tissue samples from the Petitcodiac River stained for AGP were not scorabIe because of a lack of enzymatic activity. MDH-1 allelic frequencies were fixed for the common allele in ammocoetes from Fish Creek and Lewis Creek hut variable in collections from Nebagamon River and Petitcodiac River. At the PGI-1 locus, variability was onIy observed in ammocoetes from the Petitcodiac River. At the PGI-2 locus, the Nebagamon River had a unique alternate allele (92) not observed in the other three coIlections. Fish Creek specimens were the most variable at PGI-2 of the four collections. PGM-1 variability was greatest for lamprey from Nebagamon River while the other collection locations had similar allelic balances. Phenotypic frequencies observed for these six loci in lamprey were all in conformity with Hardy-Weinberg expectations. Paired cornparisoils of phenotypic frequencies by locus were made between collections using X? Statistically significant differences ( P < 0.05) were demonstrated between collection localities at one or more loci. Genetic distances (Rogers 1972 ) between samples, however, were small suggesting little interpopulation genetic divergence ( Table 3 ) . The results of this study demonstrate the capabilities For personal use only.
of electrophoretic techniques i n population identification of sea lampreys. T h e presence of unique alleles i n lamprey f r o m Nebagamon River ( P e l -2 92) a n d in the Petitcodiac River ( F G I -I 130) m a y provide the means t o study zoogeographical patterns of sea lamprey with respect t o origins of invasion t o the upper G r e a t Lakes. I n addition, sufficient variability was displayed at the polymorphic loci, particularly A G F , M D H -I , P G M -I , a n d F M I , t o allow the study of allelic composition of sea lamprey populations within the G r e a t Lakes.
